Introduction: Low birth weight and prematurity are risk factors for perinatal morbidity and mortality, which is high in Sub Saharan African countries. We determined the frequency of and maternal and obstetric risk factors for low birth weight and preterm birth among hospital births in rural Gambia. Method: We performed a hospital-based retrospective analysis of deliveries from July to December 2008 in two rural hospitals. Maternity records were reviewed and abstracted of the mother's demographic and reproductive characteristics, obstetric complications and foetal outcome. The maternity records contain important information maternal health and complications during pregnancy and intrapartum period. The records also contain information about the newborn's vital status and birth weight. To determine the association between low birth weight (LBW), preterm birth (PTB) and maternal demographic characteristics and obstetric complications we calculated odds using logistic regression. Main outcome measure(s): Low birth weight (<2500 grams) and preterm birth (<37 weeks). Results: Our final sample included 1244 singleton live births with complete information about all variables. The rate of LBW and PTB were 10.5% and 10.9% respectively. Ninety-four percent of LBW infants were estimated to be preterm births. The mean birth weight was 3013 g (541 g standard deviation-SD), while the mean gestational age was 37 weeks. The pattern of risk factors was similar for LBW and PTB and both were strongly associated with antepartum haemorrhage and hypertensive pregnancy disorders. Additionally, primi parity was a risk factor for both PTB and LBW. Conclusion: The percentage of low birth weight and preterm birth in rural hospitals in The Gambia is high. The most significant risk factors were those that may be detected during the antepartum period. Thus, vigilant monitoring during pregnancy, early detection and management of obstetric complications coupled with provision of timely obstetric care interventions are crucial for reducing
INTRODUCTION
Low birth weight (LBW) and preterm birth (PTB) represent major public health problems in developing countries, and are major determinants of perinatal survival as well as infant morbidity and mortality [1, 2] . Data on LBW rate tend to be quite diverged. Every year it is estimated that 18 million LBW babies are born globally, making up nearly 16% of all live births [3] . More than 95% of the low birth weight babies are born in developing countries. The estimated level of LBW in developing countries (16.5%) is two-fold higher than the level observed in developed countries (7%) [4] . Of the 20 million LBW infants born in 2005, more than half were born in South Asia; representing a low birth weight rate of 29% [5] . In sub-Saharan Africa the incidence of LBW was estimated around 13% to 15% with slight variations across the region [4] . In the Gambia, approximately 20% of infants were estimated to weigh less than 2500 g at birth. There is slight variation between the urban and rural ar-eas representing 19.7% and 20% LBW respectively. However, only 52% of the total births were estimated to be weighed at birth [6] .
Weight at birth is a good indicator for the newborn's chances of survival, growth, long-term health and psychological development [4] . In developing countries LBW has been shown to stem from both intrauterine growth restriction and preterm births, while in developed countries it is mainly attributable to preterm birth [7] . Poor maternal health and diseases such as vaginal bacterial infections, pre-eclampsia, malnutrition plus syphilis/HIV and malaria, that have not been adequately treated before or during pregnancy contribute to intrapartum deaths; as well as preterm birth and low birth weight babies [4] . In sub-Saharan Africa, endemic maternal malaria infection, particularly if manifested as placental parasitaemia is implicated to predispose towards low birth weight and preterm delivery [8] . Most at risk of developing malaria are the primigravid mothers as they have not yet acquired the selective immunity, which develops during subsequent pregnancies [9] .
The frequency of LBW is an indicator of the risk of perinatal death as well as the populations' health [10] . Hence, the shorter the gestational age, and the smaller the baby, the higher the risk of death and disability [4] . Low birth weight babies are at a greater risk of neurological disorders, such as seizures, cerebral palsy, severe mental retardation, hearing and visual impairment [11] . Thus, data on the frequency and risk factors of LBW and PTB are crucial for the design of maternal and child health programmes, particularly in developing countries [12] . Here many babies are born at home without a skilled birth attendant. These babies are seldom assessed or weighed [13] . The epidemiology of LBW has been extensively explored in developed countries, but in developing countries absence of reliable data on LBW remains a concern even in health institutions. Thus, the aim of this study was to determine the proportion, (distribution) and (obstetric) risk factors for LBW and PTB among hospital births in rural Gambia.
MATERIALS AND METHODS

Study Setting and Design
This cross-sectional retrospective study was carried out at the rural hospitals called Armed Forces Provisional Ruling Council (AFPRC) Hospital and Bansang General Hospital in the Gambia. These hospitals are located in two different rural health regions, the North and South bank of the Gambia respectively. Together, they serve a population of nearly 600,000. Comprehensive Emergency Obstetric Care (CEmOC) is available most of the time, mainly provided by Cuban Medical Doctors. The two hospitals are referral points for almost 30 peripheral health centres where Basic Emergency Obstetric Care (EOC) is virtually none-existing, thus women with obstetric complications from the North and South Bank respectively are referred to AFPRC and Bansang Hospitals. Many of these women are referred during labour.
In its drive to make health care more accessible to rural populace, particularly women and children, the Government of The Gambia adopted the primary health care (PHC) strategy. Villages with more than 400 inhabitants have resident traditional birth attendants and village health workers who were selected by the communities themselves. The traditional birth attendants have had eight weeks formal training in antenatal, intrapartum and postnatal care of the mother and baby. The emphasis was basically on identification of danger signs during pregnancy, labour and the postpartum period, as well as on clean delivery and timely referrals. Antenatal care (ANC) is by trained health workers, and partly at stationary clinics, (partly) delivered in mobile outreach points. Coverage for one ANC visit is high, about 99% while institutional deliveries are low (55%) [6] .
Study Population
Information on all births that occurred from 1 st July 2008 through 31
st December 2008 at AFPRC and Bansang Hospital were extracted from maternity case notes, admission and delivery registers. These standardized delivery logs and case notes contain vital information about maternal health, complications during antepartum and intrapartum period as well as the newborn baby including birth weight. Doctors or midwives filled these forms upon admission and immediately after delivery. Data extraction was done by the principal investigator and research assistants who were trained nurse/midwives. A pre-coded case abstraction inventory was used.
Variables
The main outcome measures were LBW and PTB rate. We defined LBW as a birth weight of less than 2500 g irrespective of gestational age. Preterm birth was defined as childbirth occurring at less than 37 completed weeks of gestation. Eligibility criteria was based on the recommendation of the International Classification of Diseases (ICD-10) for international comparison of viability; that is birth weight of ≥1000 g and/or born at ≥28 weeks of gestation [14] . Gestational age was estimated by the number of days between the first day of the last menstrual period (LMP) and date of birth expressed in completed weeks after LMP as recorded in the maternity delivery log. This information is usually entered during the ANC visits, but may be inaccurate for some, especially illiterate women.
For each birth we extracted the following information: demographic and reproductive characteristics such as maternal age in years; three groups 13 -19, 20 -29 pregnancy, presence of obstetric complication(s) such as antepartum haemorrhage, preterm premature rupture of membranes (PPROM), hypertensive pregnancy disorders (severe pre-eclampsia/eclampsia) with a minimum diastolic blood pressure ≥110 mmHg and proteinuria (++). This lower limit for diastolic blood pressure is consistent with what is reflected in the national guideline [15] . Foetal characteristics included sex, birth weight and gestational age at birth, plus vital outcome.
A total of 1849 maternity admissions were recorded during the six months period. We excluded from the analysis 224 women (12.1%) who had not delivered, 21 births without information on the vital status, birth weight and/or gestational age, 25 infants that weighed less than 1000 g and 240 stillbirths. Also excluded from the analysis were 95 sets of live born twins as they represent a special high risk group for LBW and PTB. The final data set comprised of 1244 singleton live births in which birth weight was available (Figure 1 ). This study was approved by the Ethics Committee of Norway and the Joint Gambia Government and Medical Research Council Review board. Permission to carry out the study was accorded by the chief executive officers of the two hospitals and the Ministry of Health of The Gambia.
RESULT
A total of 1579 pregnant women delivered at two Gambian rural hospitals during the second half of 2008 of which 1244 (78.8%) were singleton live births. Of the recorded live births, the rate of LBW (irrespective of gestational age) and PTB respectively were 10.5% and 10.9%. Of the total births, the mean birth weight was 3013 g (541g standard deviation-SD). The mean birth weight among those with obstetric complications was 2951 g (SD 659 g), and 3023 g (SD 518 g) in uncomplicated cases; (95% CI for mean: 2855.3 -3047.5 and 2991.9 -3054.3) respectively. Of the 1579 recorded total births, 240 (15.2%) were stillbirths. The stillbirth rate among LBW infants was 40.5%, compared to 9.7% in babies with birth weight ≥2500 g. Additionally, 94% of LBW infants were estimated to be preterm births. The
Statistical Analysis
We executed a descriptive analysis of the results through frequency analysis and cross-tabulation to determine the percentage of LBW and PTB calculated as a proportion OJOG rate of LBW among boys was 9.2%, compared with 12.0% in girls; with a mean birth weight difference of 116 g (95% CI for mean 3023.9 -3075.3 and 1903.1 -2992.6) respectively ( Table 1) . Table 2 shows the distribution of the sample according to demographic and obstetric factors. The age of mother ranged from 13 to 48 years, and more than one third was below 20 years of age. About two thirds of the mothers were multiparous and most of them (72%) reside in non-PHC villages. There were more male births than females. Nearly all the mothers (99.5%) had attended antenatal care at least once. 
Low Birth Weight
We presented the results of the univariate and logistic regression analysis in Table 3 . From the univariate analysis, younger mothers <20 years and primiparous mothers respectively, were 1.8 and 2.5 times more likely to deliver a LBW baby than older mothers who were ≥30 years old and the multiparous with ≥5 deliveries. Obstetric complications also had a strong influence on birth weight. Antepartum haemorrhage and hypertensive pregnancy disorders were highly significantly associated with LBW; (Crude ORs = 5.02 and 2.86) respectively. Additionally, babies who weighed <2500 g were 8.6 times more likely to result in an early hospital neonatal death than those babies weighing ≥2500 g (data not shown).
After adjustment for the effect of the significant variables in a multivariate logistic regression model, antepartum haemorrhage was the strongest predictor for LBW (AOR 6.6). Other independent risk factors included hypertensive pregnancy disorders with close to three times (AOR 2.7) increased risk of low birth weight. In addition, primigravid mothers were almost 2.5 times more likely to deliver a LBW baby than multigravid mothers with ≥5 deliveries. Young maternal age (<20 years) and preterm premature ruptures of membranes also seemed to be associated with LBW; however, they lost their statistical significance after the multivariate analysis.
Preterm Birth
The results from the univariate and logistic regression analysis of preterm birth are presented in Table 4 . The pattern of risk factors for PTB was similar to that of LBW. The univariate analysis showed that antepartum haemorrhage, hypertensive pregnancy disorders, parity (0 and 1 -4), preterm premature rupture of membranes aa Adjustment done for all significant variables listed in the table; *P-value < 0.01; ** P-value ≤ 0.05; *** P-value < 0.005.
and maternal age (<20 and 20 -29 years) were all associated with preterm birth. In the multivariable analysis, while controlling for a number of significant variables, antepartum haemorrhage presented the strongest independent association with PTB (AOR 6.5). The other independent risk factors are primiparity (AOR 2.7) and hypertensive pregnancy disorders (AOR 2.6). Lack of antenatal care seemed to have an increased risk of giving birth to a preterm baby, but this finding failed to attain statistical significance (AOR 1.9, 95% CI 0.21-16.97). However, the numbers were too small to draw any definite conclusions about this finding.
DISCUSSION
Main Findings
Our results suggested that the levels of LBW and PTB are high in this population. The prevalence of LBW (10.5%) and PTB (10.9%) may be slightly underestimated, but comparable with rates of 13.3% LBW and 12.3% PTB earlier observed in another rural settings in Gambia [16] . The reported percentage of LBW in this study is slightly lower than in a previous report published by UNICEF and WHO [4] .We believe that the low rates in our study could be due to the exclusion of neonates <28 weeks gestation and <1000 g body weight at birth. There were many similarities in the pattern of risk factors for LBW and PTB in this study. The adjusted odds ratios for both outcomes were increased among women with antepartum haemorrhage, those with hypertensive disorders of pregnancy and primigravid women. The mean birth weight and gestational age respectively, were 3012 g (541 g SD) and 37 weeks. Boys were slightly heavier than girls (116 g mean birth weight difference).
The Gambia, reliance on hospital-based data is inevitable. In hospitals, particularly maternity wards, birth weights are routinely measured and recorded within half an hour after delivery. In contrast, most of the babies that are born in home settings are usually not weighed until they come for their first vaccination. Even where babies are weighed at birth, their weights are seldom measured or recorded accurately as most of them are born without a skilled and literate birth attendant. As a result the true population-based birth weight data are difficult to obtain. We extracted data from an institutional setting with maternity records and the data was entered by skilled attendants. Information about birth weight and PTB was missing for a small number of cases only (21 births). Therefore, this study should serve as an important source of data about LBW and/or PTB and the associated risk factors in The Gambia.
Even if a substantial proportion of women deliver at home, earlier studies have demonstrated that most with complications tend to reach health facilities, thus we might have over-estimated the true LBW and PTB rates, but there is no valid way to calculate this bias. However, hospital data may show higher percentage of LBW, PTB, and morbidity compared to population-based estimates. Birth weight preference for round numbers, such as 2500 g or 37 weeks of gestation could have influenced our estimates of low birth weight. We believe that such misclassifications are most likely non-differential and do not influence the presented rates of LBW or PTB in our population. Concentrating on deliveries in two rural hospitals raised issues of selection bias and our estimates of LBW, PTB and morbidity may not be representative of the entire Gambian population. In addition, excluding neonates <28 weeks gestation and <1000 g body weight may have also biased our results. As the study was a ret rospective analysis of data from maternity delivery logs, we were unable to measure maternal workload, socioeconomic and nutritional factors, which are important contributors to poor foetal growth in low income settings. Another limitation of this study was our inability to assess risk factors such as ascending bacterial infections (gonorrhoea/bacterial vaginosis) and malaria which have important implications for the health of the mother and the growing foetus. Malaria status of the mothers was not collected because it was unknown for a large number of mothers and there was no information to determine the level of placental malarial parasitaemia at delivery. There is a slight seasonal variation in work load and access to food in the field in the Gambia [16] , but infections like malaria occur year round. However, the National Malaria Control programme has done tremendous work in the fight against malaria with special emphasis on pregnant women. Thus, to mitigate the adverse effects of malaria in pregnant women, doses of sulfadoxine-pyrimrthamine (Intermittent Preventative Treatment-IPT) are given to women during the second and third trimesters of pregnancy during antenatal clinic visits. This is complemented by mass distribution of long-lasting insecticide-treated nets (LLITNs), early diagnosis (rapid diagnostic test-RDT) and prompt case management.
Low Birth Weight and Preterm Birth
This study determined the prevalence and obstetric risk factors of LBW and PTB among women who delivered at two rural hospitals in The Gambia. The results suggested that the prevalence is high in our study population; 10.5% and 10.9% respectively for LBW and PTB which is similar to findings from an earlier study in another rural setting in the Gambia; 13.3% and 12.3% [16] . The LBW rate observed in the current study is also consistent with findings reported in district hospitals in Nigeria and Mali; 11.6% and 12.4% respectively [17] , as well rates in North-East Brazil 10% [18] . Our findings differ from data on LBW compiled by United Nations Children's Fund (UNICEF) and World Health Organization (WHO) from West African countries and Africa as a whole [4] . In this report the incidence of LBW was estimated at 14.3% and 15.4% respectively, in the African region and West Africa respectively. However, a direct comparison of the LBW estimates in our study with that of WHO may not be possible due to differences in methodology applied; particularly divergence in samples, definitions and instruments used. Another study from Harare Central Hospital in Zimbabwe [12] reported a prevalence of LBW and PTB respectively as 19.9% and 16.6%, which is also higher than our results. This may in part be as a result of the high HIV prevalence in this setting. Our findings also differ from data on LBW reported from another hospital-based case-controlled study in conjunction with a population survey in India [19] . In this study the prevalence of LBW was estimated at 30%. This difference might be in part explained by the methods applied to determine gestational age. In the current study, the length of gestational age was estimated from maternal fundal height. Although such an approach may give inaccurate findings for women with poorly growing foetuses, it was concluded that it be may be used as a proxy for the length of gestation when the date of the last menstrual period is not known, especially in developing countries [20] . The low levels of LBW and PTB reported in our study as compared to the above could also be partly due to the exclusion of newborns <28 weeks gestation and <1000 g body weight at birth. Furthermore, our data indicated that boys were slightly heavier than girls, with a mean birth weight difference of 116 g.
Birth weight is an important proxy for viability, espe-cially where reliable gestational age determination is not available [21] . LBW and PTB are also considered to be one of the leading causes of perinatal mortality and morbidity. Our study demonstrated a very high proportion of stillbirths and early hospital neonatal deaths among LBW babies. The stillbirth rate among LBW babies was 41%, compared to 9.7% in babies who weighed ≥2500 g. Complications during pregnancy have long been known to increase the risk of adverse birth outcomes. In the current study, obstetric complications were highly significant risk factors for giving birth to a LBW and preterm baby. Of the obstetric characteristics analysed in relation to the frequency of LBW and PTB, mothers with antenatal haemorrhage and hypertensive disorders in pregnancy were more likely to deliver both LBW and preterm babies. Women with antepartum haemorrhage were found to be at increased risk of giving birth to a LBW baby (AOR 6.59, 95% CI 1.86 -23.36). This is consistent with findings from a study done in Northern Tanzania [22] and in Colorado USA [23] , where 50% of all births complicated by abruption placenta ended up as LBW. Similar findings were previously reported elsewhere [24] . The increased risk of PTB with antepartum haemorrhage has also been reported by other researchers [19] , which corroborated well with our findings. In addition, bleeding during pregnancy could be due to low implantation of the placenta in the less vascularised lower segment leading to intrauterine nutritional deprivation of the foetus and growth restriction [25] . Thus, bleeding during pregnancy can be used to identify women at risk of having LBW babies and PTB [19] .
Specific pathologies such as severe pre-eclampsia are known to increase the rates of PTB and LBW. Hypertensive disorder of pregnancy is considered to be a major worldwide problem and presents an increased risk of both maternal and perinatal mortality and morbidity [26, 27] . Preeclampsia, a multisystem disorder partly of unknown aetiology specific to pregnancy [28] , has been implicated as one of the main predisposing factors for intrauterine foetal growth restriction and prematurity [29] . Consistent with findings from studies conducted elsewhere [19, 25, 30] ; a hypertensive pregnancy disorder (pre-eclampsia) was also observed to significantly increase the risk of LBW (AORs 2.71; 95% CI 1.18 -6.23) and PTB (2.58; 95% CI 1.12 -5.95) in the current study. Additionally, in their study, Yücesoy et al. [31] demonstrated that gestational age and neonatal birth weight were lowest in severely pre-eclamptic mothers. This may be as a result of the utero-placental insufficiency that happens in this category of disorders which can result to foetal growth retardation [25] . Our findings reaffirmed the negative contribution of obstetric complications on birth weight and gestational age. Thus, adequate monitoring and control for obstetric complications during pregnancy may contribute to the attainment of optimal gestational age and intrauterine growth [32] . In addition, the reduction of LBW and PTB could be key catalysts towards the attainment of Millennium Development Goal four (MDG-4) for reducing child mortality [4] . With the target of the MDGs in sight, preeclampsia/eclampsia needs to be recognized as priority areas in reducing maternal mortality [33] , as well as prenatal morbidity and mortality in developing countries. Thus, improved access to appropriate obstetric care, and better screening, prompt diagnosis and treatment of antepartum haemorrhage and preeclampsia/eclampsia are warranted to reduce the consequences of these obstetric complications on birth weight and gestational age in developing countries, including The Gambia. As most women (99%) in The Gambia received ANC at least once during pregnancy [6] , this could be an important entry point for the prevention of and identification of basic detectable maternal problems like anaemia, malaria and high blood pressure.
Antenatal care (ANC) is one of the "four pillars" of Safe Motherhood and is practiced all over the world. It provides a critical platform for influencing a woman to select a skilled provider for birth, and to establish a plan for normal birth as well as emergency plan [34] . Even though effective ANC alone may not prevent maternal and newborn mortality globally, the care a woman receives during pregnancy plays a critical function in assuring the healthiest possible outcome for the mother and newborn. In a study among religious groups in the United States, Kaunitz and colleagues [35] demonstrated that antenatal and intrapartum care has a major impact on pregnancy outcome. Women who did not seek ANC and who delivered at home without skilled attendants had perinatal mortality three times higher, and maternal mortality 100 times higher than those who did. Observational studies, [36] also tend to show that women who receive antenatal care have lower maternal and perinatal mortality and better pregnancy outcomes. These studies also inclined to show an association between the number of antenatal visits and pregnancy outcomes. However, in recent years, apart from frequency of ANC visits and interval between the visits attention has been directed to the essential elements of ANC package, so that quality is not neglected in favour of quantity. It has thus been argued that probably, more effective care could be provided with fewer but "goal oriented" visits, especially focused on the elements of ANC that have been proven to be effective and have an impact on substantive outcome [36] .
Prematurity is an important public health problem. It is the greatest cause of morbidity and mortality in obstetrics [37] . However, circumstances leading to preterm birth are still unclear, but its aetiology is believed to be multi-factorial [38] . Premature increase in corticotrophin-releasing hormone (CRH) by the placenta has been linked to increased PTB rate. Also, the increased low birth weight and preterm birth in primip gravid mothers may reflect the general observation that birth weight increases with subsequent births [19] .
CONCLUSIONS
The frequency of LBW and PTB in the present study is high and, was almost doubled compared to reported rates in high resource settings of the world. Pregnancies complicated by antepartum haemorrhage and hypertensive pregnancy disorders were associated with increased risk of both PTB and LBW. The implication is that newborn infants of mothers with antepartum haemorrhage and hypertensive pregnancy disorders constitute a high risk category. Thus, improvement in monitoring, timely diagnosis and management of obstetric complications through skilled attendant and timely access to EmOC services is warranted. Focused antenatal care offered as a package of interventions could substantially reduce the incidence and complications related to LBW and PTB, and subsequently increase the likelihood of newborn survival in low resource settings, such as the Gambia.
